Background: Sickle cell disease (SCD) is a hereditary disorder characterized by hemolytic anemia with different clinical manifestations. Patients with SCD exhibit a chronic inflammatory state and reduced length and quality of life. Interleukin-1 β (IL-1β) is important in acute and chronic diseases; and its single nucleotide polymorphisms (SNP) have been considered as predictors of prognosis in several inflammatory conditions. This study aimed at exploring IL-1β (+3954C/T) SNP as a potential genetic modifier and/or predictor of SCD clinical and laboratory phenotypes. Materials and Methods: This cross-sectional study involved 50 SCD patients and 50 age, sex and ethnicitymatched healthy individuals. IL-1β (+3954C/T) SNP was identified by PCR-RFLP. Associations between IL-1β (+3954 C/T) SNP and the clinical and laboratory profiles of patients with SCD were studied. Results: It was found that the homozygous mutant genotype TT was significantly higher in cases compared to controls [13(26%) vs. 3(6%) respectively; p=0.006, OR (95%CI): 5.505(1.460-20.756)]. The homozygous mutant genotype TT was associated with a higher mean pulmonary arterial pressure when compared to the CC and CT genotype (42.62 vs. 33.49 mmHg, p<0.001).
INTRODUCTION
Sickle cell disease (SCD) is a generic term used to define a group of genetic changes characterized by the dominance of hemoglobin S (Hb S). Hb S is characterized by a missense mutation in position 6 of the β chain, in which the amino acid glutamic acid is replaced by valine . SCD is one of the most important single gene disorders of human beings. It is estimated that 75-85% of children born with SCD are born in Africa 3 . The highest prevalence of sicklecell trait (SCT) in Africa occurs between the latitudes of 15° North and 20° South, where the prevalence ranges from 10% to 40% of the population 4 . In Egypt, The prevalence of SCD is 0.3%. HbS carrier rates vary from 9 to 22 % in some regions 5 . In 1951, Abbasy reported the first case of SCD in Egypt 6 . SCD is characterized by hemolysis, higher risk of infections and recurrent vaso-occlusive crisis (VOC) with pain, which result in chronic organ damage. Several studies have identified factors associated with this heterogeneity in order to predict the clinical outcome and/or prognosis of the patients 7 .
The hallmark abnormality of SCD is the polymerization of deoxygenated hemoglobin S and aggregation into fibers. This causes drastic change in hemoglobin solubility that leads to heterogeneities in cell shape and density. Despite being a monogenic disease, patients with SCD have a substantial phenotypic variability 8 . Interleukin-1 β (IL-1 β) is a potent pro-inflammatory cytokine that is crucial for host defense responses to infection and injury 9 . IL-1β is located in 70-110 kb region of chromosome 2q13-21, including 7 exons and 6 introns. The three most important single nucleotide polymorphisms (SNP) out of at least 20 SNPs that have been reported in the region of IL-1β are −511 (rs16944), + 3954 (rs1143634) and -31 loci. They exhibit strong influence on gene transcription and the eventual functional alterations 10 . There are several reports on the involvement of cytokines in the pathophysiology of SCD; many of them showing significantly elevated levels of plasma IL-1β in these patients [11] [12] [13] [14] . It is believed that release of cytokines in response to infection, endothelial cell activation and other injurious agents may play key role in the pathophysiology of VOC in SCD 7 . −511 and +3954 cytokine genes of IL-1β have been postulated to be involved in vaso-occlusion phenomenon of SCD through the processes of inflammation, cellular adhesion, signaling, transport or coagulation 15 . Since studies on the association of cytokines' polymorphisms with SCD phenotypes are scanty, the present study aimed to estimate the association of IL-1B+3954 polymorphism with the incidence, clinical and laboratory profiles of Egyptian patients with SCD; and to determine whether IL-1B+3954 polymorphism contributes to the clinical evolution of SCD; and to estimate the value of IL-1B+3954 polymorphism as a genetic predictor of SCD clinical heterogeneity.
MATERIALS AND METHODS
This cross-sectional study included 50 Egyptian SCD patients (mainly children & adolescents) and 50 age and sex matched healthy control subjects from the same ethnic background. The SCD patients were following in the hematology outpatient clinic at Cairo University Children Hospital (CUCH) during the study period for routine outpatient management. Diagnosis of sickle cell disease was based on hemoglobin electrophoresis and high performance liquid chromatography (HPLC Bio Rad, USA); used to measure several hemoglobin species (Hb F, HbA1, Hb A2 and Hb S). All patients recruited for the study were in steady state i.e. they had no acute event for at least four consecutive weeks after the last crisis. Those who had been transfused in the three months prior to the study period, and those who had other chronic or inflammatory conditions were excluded. Approval for sampling and participation in the study were taken from all guardians. The study protocol was approved according to the local hospital research guidelines. All procedures were in accordance with the ethical standards of the responsible committee on human experimentation Clinical as well as demographic data were obtained from medical records and interviews with the patients. Proper history taking with special attention to age at diagnosis and frequency of blood transfusion was taken. VOC was defined as pain in the extremities, back or abdomen without any other explanation 16 . Occurrence of VOC necessitating hospitalization in the preceding year 37 The optimized PCR conditions included 2 minutes of denaturation at 95 °C followed by 30 cycles of denaturation at 95°C for 30 sec; annealing at 54°C for 30 sec and extension at 72°C for 30 sec. The PCR was completed with a final extension step of 5 min at 72°C. PCR product of 194 base-pair (bp) in size matched on 1.5% agarose gel was subjected to 10 U of Taq I restriction enzyme (Promega) at 65°C overnight. The restriction pattern was observed on a 3% agarose gel electrophoresis under UV light after staining with ethidium bromide. The enzyme cut a constant band of 12 bp (the absence of which indicates incomplete digestion) followed by two more bands of 85 bp and 97 bp diagnostic for allele-C, whereas for allele-T, a 12 bp and 182 bp were visualized (Figure1). Doppler echocardiography was performed for cases to measure pulmonary artery pressure. Gladwin et al defined pulmonary hypertension as a tricuspid regurgitation jet velocity of at least 2.5 meter per second 17 . Right ventricular systolic pressure (RVSP) could be estimated by measuring the tricuspid regurgitation (TR) jet maximum velocity by spectral Doppler. The right atrial (RA) pressure could be estimated by the respiratory collapsibility of the inferior vena cava. If there was no significant stenosis at the right ventricular outflow tract, or the pulmonary valve, the RVSP was equivalent to the pulmonary artery systolic pressure 18 . The results of measuring end systolic pulmonary artery pressure (ESPAP) were analyzed into mean, minimum, maximum, and median and comparison of mean ESPAP between different genotypes was performed. Statistical analysis Data were statistically described in terms of mean ± standard deviation (±SD), median and range, or frequencies (number of cases) and percentages when appropriate. Comparison of numerical variables between the study groups was done using Student's t-test for independent samples in comparing two groups when normally distributed and Mann-Whitney U test for independent samples when not normally distributed. For comparing categorical data, x 2 test was performed. Exact test was used instead when the expected frequency is less than 5. Odds ratio (OR) with its 95% confidence interval (95%CI) was calculated to the different genotypes as well as alleles between the different study groups. P values less than 0.05 were considered statistically significant. All statistical calculations were done using computer program SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, Illinois, USA) release 15 for Microsoft Windows (2006).
RESULTS
The clinical and laboratory characteristics of the studied patients are shown in table 1. The patients' mean age was 12.24 ± 5.5 years. The ages ranged from 3 years to 26 years with a median of 12 years. Twenty-five cases (50.0%) were males and 25 (50.0%) were females. Regarding the control group, the mean age was 9.38 ± 2.24; 26 (52%) were males and 24 (48%) were females. No association was found between IL-1β +3954 genotypes and age (p = 0.087), age at diagnosis (P =0.125), age at first blood transfusion (p =0.318), number of transfusions (P = 0.572), weight (P =0.228) or height (P=0.445) ( Table 3) . No significant association was found between IL-1β +3954 genotypes distribution and VOC (p= 0.321), cholelithiasis (p= 0.557), or osteonecrosis (Table 4 ). Comparison of the mean ESPAP among the different genotypes showed statistically significantly higher mean ESPAP among TT versus the combined genotypes CC + CT (TT#CT+CC) (42.62 # 33.49) (P value: <0.001) ( Table 5) . Comparison of laboratory values among the different genotypes did not show statistically significant difference (Table 6 ). . IL-1β-mediated diseases are often called "auto-inflammatory" and the dominant finding is the release of the active form of IL-1β driven by endogenous molecules acting on the monocyte/macrophage 21 . To our knowledge, this is the first study to address this type of polymorphism in Egyptian SCD patients. However, an earlier study was conducted among Brazilian patients and their findings were different from ours 14 . Our study revealed that the homozygous mutant TT genotype was significantly higher in cases compared to control group (P-value= 0.009) (Table 4) . Moreover, the frequency of occurrence of the homozygous mutant TT genotype versus the combined CC and CT genotypes was significantly higher among cases than controls (p value: 0.006) ( Table 4) . These results are different from the results of the study done by Vicari et al., 2015 who reported that patients with SCD and the control group had similar IL-1β +3954 genotype distribution 14 . However, our study did not show statistically significant difference in allelic distribution between cases and controls (p=0.246) ( Table 4 ) and this is similar to the finding of Vicari and his colleagues. 14 The current study showed no association between IL-1β +3954 genotypes and different demographic data as: age; gender; age at diagnosis; height, or weight (Table 4) . We did not find a statistically significant difference between IL-1β +3954 genotypes and VOC, osteonecrosis, cholelithiasis or laboratory characteristics (Tables 4 & 6 ). However, a significant association was observed between IL-1β +3954 SNP and mean ESPAP. The mean ESPAP was significantly higher among TT genotype versus the combined genotypes CC + CT (Table 5 ). This finding implies that SCD patients with homozygous mutant TT genotype should be more closely monitored for pulmonary hypertension. This confirms the observation of Vicari and colleagues who similarly reported that IL-1β +3954C > T SNP was associated with increased risk of elevated pulmonary arterial pressure among SCD Brazilian patients. Interestingly, Vicari and colleagues reported increased risk of osteonecrosis among SCD patients carrying IL-1β +3954C > T SNP. This association was discordant with our results. This discordance could be owed to the small number of patients having this complication in our SCD population 14 .
CONCLUSION
The present study showed that there is an increased prevalence of the mutant genotype of IL-1β +3954 SNP in Egyptian SCD patients. Regarding disease complications, the mutant genotype was more prevalent in cases complicated by pulmonary hypertension. These findings point to the possible role of IL-1β +3954 SNP in the pathophysiology of the disease and its manifestations. Expansion of this study on a larger number of patients is recommended for further reinforcement of our results; as well as study of other genes related to disease susceptibility and prognosis in the Egyptian population.
Further testing is required to determine the validity of the shown association between the mutant IL-1β genotypes TT, CT and the occurrence of other complications (leg ulcer, priapism, acute chest syndrome, splenic sequestration, retinopathy and stroke) in SCD patients.
